Background: The objective of this study is to determine subclinical changes in hand sensation after brachial plexus blocks used for hand surgery procedures. We used Semmes-Weinstein monofilament testing to detect these changes. We hypothesized that patients undergoing brachial plexus nerve blocks would have postoperative subclinical neuropathy detected by monofilament testing when compared with controls. Methods: In total, 115 hand surgery adult patients were prospectively enrolled in this study. All patients undergoing nerve-related procedures were excluded as well as any patients with preoperative clinically apparent nerve deficits. Eighty-four patients underwent brachial plexus blockade preoperatively, and 31 patients underwent general anesthesia (GA). Semmes-Weinstein monofilament testing of the hand was performed preoperatively on both the operative and nonoperative extremities and postoperatively at a mean of 11 days on both hands. Preoperative and postoperative monofilament testing scores were compared between the block hand and the nonoperated hand of the same patient, as well as between the block hands and the GA-operated hands. Results: There were no recorded clinically relevant neurologic complications in the block group or GA group. A statistically significant decrease in sensation in postoperative testing in the operated block hand compared with the nonoperated hand was noted. When comparing the operated block hand with the operated GA hand, there was a decrease in postoperative sensation in the operated block hand that did not reach statistical significance. Conclusions: Brachial plexus blockade causes subtle subclinical decreases in sensibility at short-term follow-up, without any clinically relevant manifestations.
Introduction
Nerve injury following surgery performed under peripheral nerve blockade may be caused by the block (direct trauma by the needle, local anesthetic or adjuvant neurotoxicity, ischemic injury secondary to pressure and volume of local anesthetic, local inflammatory reaction, and hematoma formation secondary to vascular penetration 10 ) and surgical factors (surgical tissue damage, tourniquet injury, postoperative swelling, and intraoperative positioning). Prolonged neuropathy after regional anesthesia is fortunately rare, and reported incidence in the literature ranges from 0.04% to 0.6%. 1, 5, 6 However, those studies rely on the reporting by patients of subjective symptoms.
Data suggest that patients with preexisting neuropathy could be more sensitive to nerve injury, 4, 7, 8 and the question of whether it is safe to perform nerve blocks in patients with preexisting neuropathy is not settled. 9, 11, 12 As a first step in investigating this question, we decided to study patients without preexisting neuropathy following peripheral nerve blocks using Semmes-Weinstein monofilament testing to detect subclinical neuropathy. Semmes-Weinstein monofilament testing is a threshold dependent method of measuring changes in light touch, which is thought to be a very sensitive indicator of neuropathy. 2 Therefore, it could potentially uncover small sensory deficits that might otherwise not be noticed by the patient or be apparent on gross sensory examination. In this study, we measured monofilament sensibility before the brachial plexus nerve block and at the first postoperative visit. Control groups were tested at the same time points and included the nonoperated hand and general anesthesia (GA) cohort. We hypothesized that postoperative monofilament testing on the extremity that received a block would reveal diminished sensation at a rate higher than that of the control groups.
Methods
The study received Institutional Review Board approval at involved institutions.
Adult patients (≥18 years old) undergoing hand surgery procedures at one of our institutions were eligible for enrollment. All surgical procedures were performed at the level of the elbow or distal to it. The decision to use general or regional anesthesia was made by the anesthesiologist and the patient. Ultrasound guidance was used for all blocks. The choice of local anesthetic used for brachial plexus blockade was at the discretion of the attending anesthesiologist. Any patient undergoing a nerve decompression or repair was excluded to eliminate any changes this may have had on sensibility. Surgeries performed using a local anesthetic were also excluded. All patients were prospectively enrolled.
Preoperative monofilament testing was performed on the day of surgery prior to the procedure. We tested 7 areas on both hands using a standardized technique. Examiners were trained in the standardized testing technique. The volar pulps of the thumb, index, middle, and small finger were tested, along with the first dorsal web space. The radial and ulnar aspects of the distal pulp of the ring finger were tested separately. This was done to elucidate whether any particular nerve distributions were more susceptible to sensory changes. The testing technique involved starting with the smallest monofilament and applying perpendicular pressure to the pulp with the monofilament until the monofilament had a slight bend. This was repeated 3 times on each finger with the patient's eyes closed. If the patient was able to recognize sensation 2 out of the 3 times, the patient was deemed to have sensibility to the monofilament. If not, then the next larger sized monofilament was tested.
To facilitate data analysis, a scoring system was devised and applied to each hand. A score was given to each testing zone based on the smallest monofilament that could be felt ( Table 1 ). The score for each testing zone was summed to provide a score for each hand at each time point. Higher scores reflected increased sensation and lower scores decreased sensation. Designations were applied to each hand for labeling purposes, which included the operated hand (block operated) that received the brachial plexus block and the opposite hand that did not receive surgery or the block (block nonoperated). The GA group included the operated hand (GA operated) that received surgery and the hand that did not receive surgery (GA nonoperated). Preoperative and postoperative scores were compared to evaluate for increases or decreases in sensation. Scores were compared within the block group between the blockoperated and block-nonoperated hands. Changes between the operated and nonoperated hands were compared in the GA group as well. Finally, differences between the blockoperated group and the GA-operated group were compared. The study was powered to detect a difference of 2 in the hand scoring system that was devised.
Statistical analysis was performed using JMP Pro 10 Software (SAS, Inc., Cary, North Carolina). Both parametric and nonparametric tests were used for statistical analysis when the data were normally and nonnormally distributed, respectively. Wilcoxon signed-rank (Kruskal-Wallis) and Mann-Whitney U tests were used for nonparametric tests when continuous variables were analyzed. Chi-square analysis was used for categorical variables for n > 10. The Student t test was used for normally distributed continuous variables. A P value of less than .05 was used for statistical significance.
Results
Demographic data were tabulated and shown in Table 2 . There were no complications associated with general or regional anesthesia. The mean age of the patients was similar between the block group and the GA group (46 vs 45). Postoperative monofilament testing was performed at a mean of 10 days postoperatively for the block group and 12 days for the GA group. Within the block group, 62 patients underwent infraclavicular blockade and 22 underwent supraclavicular blockade. Tourniquets were used at least for a portion of the case more than 90% of the time in both groups. Tourniquet time was inconsistently reported and therefore not included in the statistical analysis. The most commonly used medication combination was mepivacaine and ropivacaine (Table 3) . Table 4 shows the procedures performed in each group.
There is a great variety in each group.
Review of the postoperative office charts did not reveal any evidence of persistent clinically evident neuropathy such as sensation or motor deficits, paresthesia, or neuropathic type pain. All patients had at least 2 months of follow-up. Table 5 shows the average preoperative and postoperative hand scores for the block-operated and GA-operated hands. When comparing the preoperative scores in the GA-operated with the block-operated group, no differences were found (P = .69). Postoperatively, the block-operated group had a small decline in hand scores (−0.07), whereas the GA-operated group had an increase in hand scores (+0.37). This difference did not reach statistical significance (P = .06). We also analyzed the change in scores of each hand from the preoperative to postoperative period as a categorical variable. We compared the percentage of hands that had increased, decreased, or unchanged scores from the preoperative to postoperative period between groups. Table 6 illustrates these results. In all groups, approximately 11% of patients exhibited increased scores in postoperative testing. In both the block-operated hand and the block-nonoperated hand, scores increased in 11.05% and 11.22% of hands, respectively. The GA group closely mirrored this, with 11.52% of the nonoperated hands and 11.98% of the operated hands exhibiting increased scores. Differences were seen, however, in the percentages of hand that showed decreased scores postoperatively. The block-operated hand was the only hand in which there were more decreases (12.59%) in scores than increases (11.05%). In the block-operated hand, when comparing preoperative hand scores to postoperative scores, 12.59% of hands experienced a decreased score. This compared with 7.48% decreased scores in the block-nonoperated hand. This difference of 5.11% achieved statistical significance (P = .01) in chi-square analysis. The same analysis was performed in the GA group. In that group, 6.94% of the operated hands had decreased scores postoperatively compared with 3.23% of the nonoperated hands. This difference of 3.71% was not statistically significant (P = .20). In addition, we could not find any nerve or finger distributions more susceptible to decreases in sensibility postoperatively. Note. This table compares the average hand scores between the block-operated and the GA-operated hands at all time points. No statistical difference was found in preoperative scores between the block-operated and GA-operated hands. The difference between preoperative and postoperative scores trending toward statistical significance (P = .06). Pre-op = preoperative; Post-op = postoperative; GA = general anesthesia.
Decreased hand scores were also compared between the block-operated hand (12.59%) and the GA-operated hand (6.94%). The difference of 5.65% did not reach statistical significance (P = .06).
Across all variables and time points, the dorsum of the hand demonstrated sensibility to the 2.81 monofilament at a rate of 53%, which was significantly less than the aggregated 80% rate of the other testing regions (P < .01). This did not vary significantly preoperatively or postoperatively or relative to the block.
Discussion
The vast majority of literature exploring peripheral nerve block-related neuropathy has used retrospective chart review and questionnaires, which largely rely on selfreported symptoms. For symptoms to be reported, they must exceed a clinically relevant threshold. These symptoms include dysesthesia, paresthesia, and neuropathic pain. 6, 10 The goal of this study was to be more sensitive in detecting neuropathy by using monofilament testing instead of subjective symptoms or gross physical exam. Monofilament testing is commonly used in the plantar aspect of the foot to screen for diabetic peripheral neuropathy and has been shown to be reproducible, albeit with larger sized monofilaments. 13 It is not routinely used to detect neuropathy after brachial plexus block. We sought to learn the rate of occurrence of these changes and whether they were associated with clinical significant neuropathy. The ideal method of determining this would be to perform blocks in healthy volunteers in the absence of surgery. As this was not feasible, we attempted to appropriately control our study by performing preoperative and postoperative testing on the block nonoperative hand, as well as by including a GA control group.
Preoperatively, no differences were noted in the average hand scores between the block-operated and GA-operated hands, indicating that the groups were similar to begin with. However, we were able to observe that the mean hand score decreased postoperatively (0.07) in the block-operated hand, whereas it increased in the GA-operated hand (0.37). Although this difference did not reach statistical significance (P = .06), the finding of decreased sensation postoperatively in the block-operated hand was corroborated by our analysis using the change in hand score as a categorical variable. The block-operated hand was significantly (P = .01) more likely to have decreased sensation scores postoperatively (12.59%) compared with the block-nonoperated hand (7.48%). The use of the nonoperated hand serves as a control for the variability that one might expect in monofilament testing. Therefore, the difference between these groups can likely be attributed to something that happened the day of surgery, that is, the block, surgery, or tourniquet. To control for these variables, we looked at our GA group in which surgery under tourniquet was performed in the vast majority of cases, as in the block group. In the control GA group, a statistically significant difference in sensibility preoperation to postoperation was not found when comparing the operated hand (6.91%) with the nonoperated hand (3.23%). Finding a difference in the block group and not in the GA group suggests that at least some of the difference may be due to the block itself. When comparing the block-operated hand with the GA-operated hand, more blocked hands (12.59% vs 6.91%) had decreased postoperative scores, although this did not reach statistical significance either (P = .06). This difference of 5.68% may represent the true rate of subclinical neuropathy attributable to the block. Thus, it seems that the blocked hand may be more likely to exhibit a decrease in sensitivity to monofilament testing even when controlling for surgery.
The clinical significance of these changes is unknown. None of the block patients in this study had any documented block-associated neuropathy, indicating that the changes may not be clinically relevant. Furthermore, one can see that the magnitude of changes in the block-operated group preoperative to postoperative was very small. Out of a scale of 35, the average decrease in hand score was 0.07 in the block-operated group. Clinically relevant neuropathy in the hand as defined by monofilament testing has not been rigorously defined, but it is unlikely that an average decrease of this amount would be noticeable by the patient or examining physician without the use of monofilaments. The fact that this difference appeared to be subclinical is reassuring, though it might make one more reluctant to perform blocks in patients with preexisting neuropathy to prevent the double-crush phenomenon. Further research is thus needed to determine whether it is safe to perform peripheral nerve blocks in patients with preexisting neuropathy. Interestingly, the nonoperative hands in both the block and GA groups demonstrated small changes when comparing preoperative scores with postoperative scores (Table 6 ). Increases in sensibility were more common than decreases in these hands. One might attribute variability in monofilament testing as the cause of the differences. However, it is possible that sensory perception is enhanced in the nonoperative hand due to increased sensory awareness after surgery. Also, patients may be more accustomed to the monofilament testing the second time around, allowing them to respond to smaller monofilaments at a higher rate.
The finding of decreased monofilament sensibility at the dorsum of the hand in all testing groups was not expected given the previous reports 3 that testing is not widely variable across the body. This may be due to the decreased density of sensory end organelles in the nonglabrous skin of the dorsum of the hand compared with distal pulps.
The study has several limitations. There were different examiners administering the monofilament testing at various time points, which could influence the consistency of the data. We attempted to counteract this effect by establishing a standardized testing mechanism. Second, the sample size was much greater in the block group due to the much higher volume of cases performed with this anesthetic technique. Also, the surgical procedures performed in the 2 groups varied and could have had an effect on neuropathy. In addition, we would have liked to perform a multivariate analysis looking at factors contributing to neuropathy such as long tourniquet time. This was not possible given the lack of recorded tourniquet time in the majority of operative reports.
Despite these limitations, this study highlights the fact that brachial plexus blocks can have effects after their intended duration. However, magnitude of differences in sensation found in this study was very small. Therefore, we have not changed our clinical practice and continue to use blocks for the large majority of our hand surgery procedures.
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